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1 . A method of actuating, comprising: 
filling at least a portion of a tube with a liquid containing electrolytes, 

the tube having an open end and an inner surface that is electrically 
chargeable when in contact with the liquid; 

positioning an object in fluid communication with the liquid in the tube 
throuoh the ooen end : and 

applying an electrical field along a lengthwise axis across the tube at 
10 said portion for producing a pressure in the liquid; 

wherein the pressure in the liquid exerts a force on the object so as 
to actuate the object. 

2. The method of claim 1, wherein the inner surface is electrically chargeable 
15 due to electrochemical phenomena. 

3. The method of claim 1 or claim 2, wherein the tube is selected firom the 
group comprising: capillary tube and micro-capillary tube. 



Tho mothod of any ono of claimc 1 to 3, whorcin tho tubo hao an opon ond 



and tne odjoci is i n tiuio oomrt i ufticcii i uii witn uiv nHum m » i c r->:iaw^»:.-»»<^^a»»* ^^w.. 



54. The method of any one of claims 1 to 43. further including an additional 
25 plurality of tubes each at least partially filled with a liquid containing electrolytes in 
fluid communication with the object. 

I 65. The method of claim €4, wherein the plurality of tubes are formed in a 
porous material. 



76. The method of claim 65. wherein the porous material is made from at least 
one material selected from the group consisting of: silica, and ceramics. 
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87. The method of claim 76. Wherein the porous material has .at least one 
material property selected from the group consisting of: electrically non-conductive, 
porous structure, micro capillaries, small particles, and hydrophilic. 

©8. The method of any one of claims 1 to 82, wherein the electric field is 
generated from a power supply selected from the group consisting of: AC and DC. 

4©9. The method of claim ©8, wherein the DC power supply is linked to an on-off 
frequency controller. 

4410. The method of any one of claims 1 to 4«9, wherein the pressure in the liquid 
is caused by electroosmoticflow. 

4311. The method of claim 6§, wherein a higher force on the object is generated 
by adopting techniques selected from the group comprising: using porous material 
with small pore sizes and using porous material with large cross-sectional areas. 

4«12. The method of daim 1, wherein a higher force on the object is attained by 
using a lower concentration of the liquid containing electrolytes. 

4413. The method of claim 1, wherein a higher force on the object is attained by 
generating a stronger electric field. 

4€14. The method as claimed in any one of claims 1 to 48-12_when as used in an 
actuator. 

4e ^15. A n actuator comprising: 

a tube with an o pen end and a n inner surface and at least partially 
filled with a liquid containing an electrolyte, the inner surface being 
electrically chargeable when in contact with the liquid; 

an electric field generator for generating a field along a lengthwise 
axis of the tube to induce a pressure in the liquid; 
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an object in fluid communication with the liquid injheiube 

through the open end s uch that the pressure in the liquid exerts a force on 
the object; 

and wherein the force on the object is able to actuate the object. 

4716. The actuator of claim 4€15, wherein the inner surface is electrically 
chargeable due to electrochemical phenomena. 

4«17. The actuator of claim 46^15 or claim +716, wherein the tube is selected from 
the group consisting of: capillary tube and micro-capillary tube 

10. Tho actuator of oloim 16 or claim 17. whoroin the tube hao an opon ond and th e 
object is in fluid communicotion with tho liquid in tho tubo through the open ond. 

2018. The actuator of clnlnn 1 9 anv one of claims 15 to 17 . further including an 
additional plurality of tubes each at least partially filled with a liquid containing 
electrolytes In fluid communication with the object. 

2419. The actuator of daim 2018, wherein the plurality of tubes are fonned in a 
porous material. 

2220. The actuator of claim 2419, wherein the porous material is of at least one 
material selected from the group consisting of: silica, and ceramics. 

2321. The actuator of claim 2419. wherein the porous material has at least one 
material property selected from the group consisting of: electrically non-conductive, 
porous structure, micro capillaries, small particles, and hydrophilic 

2422. The actuator of any one of claims 46-15_to 2321 , wherein the electric field 
generator generates power supplies selected from the group consisting of: AC and 
DC. 
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2S23. The actuator- -of~claim-2422, -wherein-the-DC. power . supply is linked to 
an on-off frequency controller. 

3624- The actuator of any one of claims 46-15_to 2S23. wherein the pressure in the 
liquid is caused by electroosmotic flow. 

2725. The actuator of claim 3+19. wherein a higher force on the object is generated 
by adopting techniques selected from the group consisting of: using porous material 
with small pore sizes, and using porous material with large cross-sectional areas. 

2826. The actuator of claim 4€15. wherein a higher force on the object is attained 
by using a lower concentration of the liquid containing electrolytes. 

292Z. The actuator of claim 4€15, wherein a higher force on the object Is attained 
by generating a stronger electric field. 

3©28. The actuator of any one of claims 4#-15to 392Z. further comprising a housing 
defining a chamber containing the tube, and a cylinder in fluid communication with 
the chamber, wherein the tube is in ttie cylinder and the object Is a piston slideaWy 
mounted in the cylinder. 

3+29. The actuator of claim 302a. wherein ttie piston is biased to resist a force 
exerted thereon from the tube. 

3230. The actuator of claim 3+29, ftjrther comprising a displacement amplifier 
operatively connected to the piston. 

3321. The actuator of claim 3©28, wherein the piston has silicone seals. 

3432. The actuator of claim any one of claims 24-19_to 2321. or any one of claims 
24-22_to 2 7-25 w hen appended to claim 2+lS, further comprising a compensating 
piston to prevent a drop of pressure in the porous material. 
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3533. The actuator of claim 3028. further -comprising-a^vent«in_the^houslng. for 
allowing the exchange of air within the chamber. 



CLAIMS- 



1. A method of actuating, comprising: 

filling at least a portion of a tube with a liquid containing electrolytes, 
the tube having an open end and an inner surface that is electrically 
chargeable when in contact with the liquid; 

positioning an object in fluid communication with the liquid in ttie tube 
through the open end; and 

applying an electrical field along a lengthwise axis across the tube at 
said portion for producing a pressure in the liquid; 

wherein ttie pressure in the liquid exerts a force on the object so as 
to actuate the object. 

2. The method of claim 1, wherein the Inner surface is electrically chargeable 
due to electrochemical phenomena. 

3. The metiiod of claim 1 or claim 2, wherein tiie tube is selected from ttie 
group comprising: capillary tube and micro-capillary tube. 

4. The method of any one of claims 1 to 3, further including an additional 
plurality of tubes each at least partially filled with a liquid containing electrolytes in 
fluid communication with the object. 

5 The method of claim 4, wherein the plurality of tubes are fomied in a porous 
material. 

6. The method of claim 5, wherein the porous material is made from at least 
one material selected from the group consisting of: silica, and ceramics. 

7. The method of claim 6, wherein the porous material has at least one 
material property selected from the group consisting of: electrically non-conductive, 
porous structure, micro capillaries, small particles, and hydrophilic. 
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-8; -The method-otany-one-of-claims„J™to_7,™Whereln. the_electric field is 

generated from a power supply selected from the group consisting of: AC and DC. 

9. The method of claim 8. wherein the DC power supply is linked to an on-off 
frequency controller. 

10. The method of any one of claims 1 to 9, wherein the pressure In the liquid is 
caused by electroosmotic flow. 

1 1 . The method of claim 5, wherein a higher force on the object is generated by 
adopting techniques selected from the group comprising: using porous material with 
small pore sizes and using porous material with large cross-sectional areas. 

12. The method of claim 1, wherein a higher force on the object is attained by 
using a lower concentration of the liquid containing electrolytes. 

13. The method of claim 1, wherein a higher force on the object is attained by 
generating a stronger electric field. 

14. The method as claimed in any one of claims 1 to 12 when as used in an 
actuator. 

15. An actuator comprising: 

a tube with an open end and an inner surface and at least partially 
filled with a liquid containing an electrolyte, the inner surface being 
electrically chargeable when in contact with the liquid; 

an electric field generator for generating a field along a lengthwise 
axis of the tube to induce a pressure in the liquid; 

an object in fluid communication with the liquid in the tube through 
the open end such that the pressure in the liquid exerts a force on the 
object; 

and wherein the force on the object is able to actuate the object. 
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_16 The actuator of claim 15. wherein the inner surface is electrically 

chargeable due to electrochemical phenomena. 

17. The actuator of claim 15 or claim 16. wherein the tube is selected from the 
group consisting of: capillary tube and micro-capillary tube 

18. The actuator of any one of claims 15 to 17, further Including an additional 
plurality of tubes each at least partially filled with a liquid containing electrolytes in 
fluid communication with the object. 

19. The actuator of daim 18, wherein the plurality of tubes are formed In a porous 
material. 

20. The actuator of claim 19, wherein the porous material is of at least one material 
selected from the group consisting^of: silica, and ceramics. 

21. The actuator of claim 19. wherein the porous material has at least one material 
property selected from the group consisting of: electrically rion-conductive. porous 
structure, micro capillaries, small particles, and hydrophilic 

22. The actuator of any one of clainis 15 to 21, herein the electric field generator 
generates power supplies selected from the group consisting of: AC and DC. 

23. The actuator of claim 22, wherein the DC power supply is linked to an on-off 
frequency controller. 

24. The actuator of any one of claims 15 to 23. wherein the pressure In the liquid is 
caused by electroosmotic flow. 

25. The actuator of claim 19, wherein a higher force on the object is generated by 
adopting techniques selected from the group consisting of: using porous material 
with small pore sizes, and using porous material with large cross-sectional areas. 
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26. -The-actuator~of-claim_1-5.-wherein a higher force on the object is attained by 
using a lower concentration of the liquid containing electrolytes. 

27. The actuator of claim 15, wherein a higher force on the object is attained by 
generating a stronger electric field. 

28. The actuator of any one of claims 15 to 27, further comprising a housing 
defining a chamber containing the tube, and a cylinder In fluid communication with 
the chamber, wherein the tube Is In the cylinder and the object is a piston slldeably 
mounted In the cylinder, 

29. The actuator of claim 28, wherein the piston Is biased to resist a force exerted 
thereon from the tube. 

30. The actuator of claim 29, further comprising a displacement amplifier operatlvely 
connected to the piston. 

31. The actuator of claim 28, wherein the piston has silicone seals. 

32. The actuator of claim any one of claims 19 to 21, or any one of claims 22 to 25 
when appended to claim 19, further comprising a compensating pision to prevehl a 
drop of pressure in the porous material. 

33. The actuator of claim 28, further comprising a vent in the housing for allowing 
the exchange of air within the chamber. 



